Little is known about first-fill adherence rates for diabetic medications and factors associated with non-fill.
INTRODUCTION
Much of the distance between the promise of evidence-based medicine and reality of improved patient outcomes can be attributed to problems in the 'last mile,' or patient adherencethe "extent to which a person's behavior coincides with medical or health advice."
1 Prescription medication adherence is strongly associated with outcomes for a number of chronic diseases. 2, 3 Most of the evidence, however, is based on followup studies of patients who have filled their first prescription; relatively little is known about the percent of prescriptions that are never filled and the impact of overall first-fill non-adherence on disease outcomes. Similarly, factors associated with non-fill have yet to be explored. Quantifying first-fill prescription rates, the procurement of the first prescribed medication for a disease following a written order, is especially challenging. Efforts to improve prescription adherence are increasing among health plans and pharmacy benefits managers. Most strategies are confined to individuals who fill at least one prescription in the therapeutic class of interest. 4 This constraint is inherent to systems that manage adherence programs because awareness of a prescription is limited to claims data (i.e., data are only available when a claim for a prescription is processed), meaning when the drug was actually picked up by the patient. Thus, the denominator for evaluating treatment adherence is based on the group that first fills its prescription, not the group that is first prescribed a drug in a specific class. Access to electronic health record data (i.e., the patient's medical record) provides the means to identify all patients who were first prescribed a medication, whether or not a claim was processed. Studying and intervening upon first-fill rates may impact the field differently than focusing on standard adherence measures such as the medication possession ratio.
We examined first-fill rates for patients treated with diabetes medications by linking prescribing information from electronic health records (EHR) to pharmacy claims data of one insurer. By using information from EHR and pharmacy claims, one can identify prescriptions that were written, but not filled by the patient. We used a retrospective cohort design to assess the proportion of patients who filled a naïve prescription for antihyperglycemic medications, to understand characteristics associated with first-fill rates, and to examine the effect of firstfill rates on attainment of hemoglobin A1c goals.
METHODS

Setting
Geisinger Clinic's EHR and Geisinger Health Plan's (GHP) claims database were the primary sources of data for this study. Geisinger is a diversified health care system encompassing the Geisinger Clinic, a multi-specialty practice that has 57 clinic sites and 730 employed physicians and physician's assistants. The Geisinger Clinic patient population includes residents from central and northeastern Pennsylvania, a predominantly white population (96% Caucasian). The Epic Systems Corporation® EHR system was installed in all Geisinger Clinic community practice sites and specialty clinics from 1996 through 2001 and to date contains information on nearly three million patients. This system allows for the integration of clinical information across diverse settings of care and makes all patient information available in digital form. Geisinger Clinic patients are represented by a range of different payers, including GHP which accounts for 30% of the Clinic patients. Though GHP shares its name with Geisinger, it is an independent entity and one of the nation's largest rural HMOs.
Study Sample
The following were the criteria of th study patients: 1) age 18 or older; 2) seeking care from the Geisinger Clinic; 3) had Geisinger Health Plan pharmacy benefits; and 4) prescribed their first antihyperglycemic medication between January 2002 and December 2006 (n=1,173). Antihyperglycemic drugs were defined in the following classes: meglitinides, sulfonylureas, insulin, biguanides (metformin), thiazolidinediones, alpha-glucosidase inhibitors, lipase inhibitors, pramlintide, GLP-1 receptor agonists (including exenatide). To eliminate patients who may fill their prescription using a prescription plan other than GHP (e.g., spousal pharmacy benefits), the analysis was limited to those who had used their GHP pharmacy benefit at any time prior to the date of the index medication (n=1,132). Furthermore, we limited inclusion to patients who had been enrolled in GHP for at least one year prior to the index prescription, to further limit the sample to incident diabetics.
Study Variables
The following data were extracted from the EHR: age, sex, date of diabetes diagnosis (i.e., defined using relevant ICD-9 codes from medications or problems lists), number of refills written on the index diabetes prescription (i.e. first antihyperglycemic prescription), drug class, number of co-morbid conditions (other than HIV due to IRB restrictions) for a calculated Charlson Index 5 , number of office visits within 6 months prior to index prescription, all A1c lab results (continuous measure and dichotomized as < 9% or 9%+, total number of medications prescribed +/− 10 days of index prescription, and date of order of the medication. In cases where patients were prescribed multiple medications on the index date, all prescriptions were included in analysis.
The following data were collected from the pharmacy claims database: drug class, copay amount (actual patient out-ofpocket costs defined as $0-10 or > $10), order date (i.e., the date the prescription was ordered), whether the prescription was filled, and if so, the fill date. Identifiers from the EHR record were linked to GHP pharmacy data files.
Analysis
Because less than 1% of prescriptions were filled beyond 30 days, a patient was designated as having first-filled if the prescription was claimed within 30 days of the EHR order date. Kaplan-Meier analysis was used to examine time until prescription first-fill and to stratify estimates by patient characteristics (log-rank test). The primary outcome of adherence was based on patients who were classified as either fillers or nonfillers. Univariate analysis was conducted to determine which characteristics were related to first-fill. Skewed continuous data were categorized prior to univariate analyses. Categorical and ordinal variables were analyzed using Chi-Square tests, Fisher's exact test, and Cochran Armitage trend tests. Continuous variables were assessed using t-tests and Wilcoxon rank sum tests, where appropriate. A multiple logistic regression model was conducted to determine those variables that independently predicted first-fills. Variables were considered for inclusion in the multivariate model when bivariate p-values were less than 0.15. The final model was developed using a backwards selection process and the decision to retain covariates was based on both improvement on model fit and scientific plausibility. 6 All two-way interactions of retained covariates were examined. As a secondary analysis and validation of the methods, change in A1c was compared between fillers and non-fillers. For this analysis, two-sample t-tests were used to compare baseline A1c (value occurring closest to but before and within 6 months of initial order), follow-up A1c (value occurring closest to but within 31-365 post order), and the change in A1c (difference between baseline and follow-up, limited to those patients who had both values). Analyses were conducted with the SAS statistical software package version 9.1 (SAS Institute Inc., Cary, NC). This study was approved by the Geisinger Institutional Review Board.
RESULTS
Sample Demographics
There were 1,132 patients who met all inclusion criteria. Of this sample, 57% (649) were women and 95% (1077) were Caucasian. The median age was 49 years. Biguanides and sulfonylureas constituted 90% of all naïve prescriptions, reflecting the standard practice of initiating antihyperglycemic therapy with these first-line agents (Table 1) .
First-fill Rates and Associated Factors
Overall, 85% (962) of patients filled their naïve prescriptions within a 30-day period, most within 5 days of the prescription date. Copays of less than $10 resulted in a first-fill rate of 89%; copays greater than $10 resulted in a 77% fill rate (p=0.001, Table 1 ). In a multivariate model, prescriptions with copays less than $10 were over twice as likely to be filled than prescriptions with copays greater than $10. (Table 2) . First-fill rates differed by therapeutic class and route of administration. While no differences were observed in rates between biguanides and sulfonylureas, prescriptions for biguanides or sulfonylureas were more likely to be filled (87%) than prescriptions for all other antidiabetic agents (74%, p < 0.0001). Additionally, the first-fill rate for injectable insulin was 74%, significantly less than the rate for oral agents (86%, p=0.030).
The following factors had no relationship to first-fill rate: age, sex, race, morbidity score, number of office visits, prescribing a drug during an office visit, and total number of medications ordered ten days either before or after the index medication order.
Impact of First-Fill Adherence on A1c values
Five hundred and sixty-five patients had A1c values both at baseline and follow-up (Table 3) . At baseline, the mean A1c levels for patients that were above goal was statistically different for patients who eventually filled their prescriptions (mean=8.3%, SD=1.9) compared to those patients who did not fill their prescription (mean=7.7%, SD=1.5, p=0.004). After the index medication order date, absolute reductions in A1c values for patients who filled their prescription were 3.25 times that of non-filling patients (1.3% reduction in the fill group vs. 0.4% in the no-fill group, p<0.0001).
Predictors of First Fills from a Logistic Regression Model
All statistically significant and clinically meaningful individual predictors (i.e. found in Table 1 ) were considered in a logistic regression model to determine the best predictors of first-fills (Table 2 ). Compared to biguanides, patients prescribed multiple medications or other oral antihyperglycemic medication (excluding sulfonylureas) were significantly less likely to fill their naïve prescription (OR 0.44, 95% CI 0.23, 0.86). A1c levels ≥ 9% (OR 2.63, 95% CI 1.35, 5.09) and copays ≤ $10 (OR 2.22, 95% CI 1.57-3.14) were associated with higher fill rates.
DISCUSSION
Among patients prescribed a new medication for diabetes, we found a first-fill rate of 85%. In multivariable analysis, three variables were significantly associated with filling such a prescription: baseline A1c, copay, and choice of initial medication. Patients with initially higher A1c (≥ 9%) were more likely to fill their prescription than patients with lower A1c (<9%, OR 2.63, p<0.001). This difference may reflect the relative intensity of physician counseling, a patient's perception of his/her disease, other physician-or clinic-specific factors, and/or other selection biases or confounding by indication. The differences may have clinical implications. Intensifying physician counseling or closer monitoring of adherence may be important when treating patients with lower A1c values. Physicians may also consider adherence when selecting the therapeutic class with which they choose to treat newly diagnosed patients.
Consistent with the literature, 7, 8 we found that fill rates are linked to lower A1c levels on follow-up. A1c levels decreased over three times as much for patients who filled their prescription (−1.3%) relative to those who did not (−0.4%).
The slight decrease for non-fillers may reflect improvements in diet and exercise regimens or regression to the mean. 9 Of particular interest is copay. While the observed difference in median copays between fillers and non-fillers was small ($0.46, data not shown), it has been previously noted that copay increases of less than $2 can significantly reduce adherence rates. 10 Larger copay amounts may be especially dangerous for asymptomatic patients who may elect to forgo needed medications. 11 For this analysis, we initially categorized copay into several categories. However, the categories with copay >$10 were collapsed into one group because the estimated odds ratios were similar, and the cut-point of $10 was selected as this was the median copay amount among adherent patients. While it has been established that rising copays may worsen disparities and adversely affect health, 12 more research is needed to examine the effect of copay on firstfill prescription orders. Several factors that were previously found to relate to prescription fills 4, 13, 14 were not so associated in our study, including age, sex, morbidity score, number of office visits, prescribing a drug during an office visit, and total number of medications ordered ten days either before or after the index medication order. This suggests that the interplay of numerous factors is responsible for prescription filling behavior, and a more nuanced understanding of patient motivations is required when trying to predict patient adherence. The pairing of electronic medical record data with claims data allowed us to incorporate patient and prescription characteristics not available in adherence studies limited to claims data. However, because the study was limited to electronic data, no direct contact was made with patients to determine their perception of the severity of their disease or the effectiveness of their prescribed treatment. In addition, without patient follow-up, we may have underestimated prescription fills. A subset of patients may have been incorrectly categorized as non-adherent if they filled their prescription using a pharmacy benefit plan other than GHP or paid out of pocket. We attempted to diminish the possibility of this error by excluding patients from analysis who did not fill at least one other prescription through GHP prior to the index prescription. Another potential limitation of the analysis was the limited racial diversity of the population (95% Caucasian). The population was, however, diverse in other ways, including SES, age, and comorbid status.
Much attention has recently been paid to therapy intensification 15 If our results are generalizable, an 85% fill rate corresponds to over 200,000 diabetic patients not filling their initial prescription for an antihyperglycemic medication, and potentially being exposed to costly second-line agents or drugs with more adverse effects. A recent meta-analysis of 23 studies that measured antihyperglycemic medication adherence and only included patients who had already filled an initial prescription (i.e. second-fill and 'persistence') found an overall adherence rate of 68%. 13 If an 85% first-fill rate from the current study is factored in, the net actual repeat-fill rate would be substantially lower at 58% (i.e. 85% x 68%). This estimate is much lower than current belief on prescription fills, and suggests that substantial gains in chronic disease care may be achieved through increased attention to issues related to filling prescriptions. Our findings suggest that future research should focus on identifying the different stages of the prescription cycle (for example, first obtaining the medication, using the medication, refilling the medication from the pharmacy, or obtaining another order from the physician) and quantifying adherence at each step, which is now possible in many settings as more records are electronic.
As EHRs become more prevalent, health services research initiatives must harness the wealth of information provided by this resource. By using established electronic databases, including EHR and pharmacy claims data, and carefully excluding patients who had not used their pharmacy benefits in the past, this study avoided biases associated with patient self-report and was able to assess prescription first-fill rates. Increased awareness of prescription non-fill rates and identification of factors that influence non-fill can help physicians proactively optimize therapy by maximizing patient acceptance, adherence, and outcomes.
